Gammaherpesviruses characteristically establish latent and persistent infections in their hosts after immunologically mediated clearance of the acute infection. Chronic infection is critical to the life cycle of the virus, as latency and persistent infection serve as viral reservoirs for spread and likely contribute to disease pathogenesis. Epstein-Barr virus (EBV) and Kaposi's sarcoma-associated herpesvirus (KSHV) are human gammaherpesviruses that have been associated with the development of cancers, especially in immunocompromised patients. EBV is associated with undifferentiated nasopharyngeal carcinoma (23) , posttransplant lymphoproliferative disease (19) , and endemic Burkitt's lymphoma (40) ; KSHV is associated with KS lesions (5, 34) , pleural effusion lymphomas (36) , multicentric Castleman's disease (14) , and in one report pulmonary hypertension (8) . Despite the prevalence of chronic gammaherpesvirus infections and their extensive impact on the immunocompromised patient population, there is much to be learned about how these chronic infections are controlled by the host.
The species specificity of EBV and KSHV limits pathogenesis and immunity studies. Murine gammaherpesvirus 68 (␥HV68) provides a tractable small animal model with which to study gammaherpesvirus infection. ␥HV68 has areas of colinear sequence homology with EBV, KSHV, and the primate gammaherpesvirus herpesvirus saimiri (59) . Over the past several years, multiple laboratories have provided important insights into gammaherpesvirus pathogenesis and immunity using this model system. Similar to the human gammaherpesviruses, ␥HV68 establishes both acute and chronic infections, the latter associated with the development of disease in immunocompromised mice. Chronic infection with ␥HV68 is associated with atherosclerosis, tumor induction, and severe arteritis in immunocompromised mice (1, 9, 10, 47, 52, 61) . Given the ability of ␥HV68 to establish latent infection and induce diseases in immunocompromised hosts, ␥HV68 is a useful model for investigating control of chronic gammaherpesvirus infection.
Gamma interferon (IFN-␥) has been implicated in the control of chronic gammaherpesvirus infection in both humans and mice. In a small study, an IFN-␥ gene polymorphism associated with low production of IFN-␥ positively segregated with development of posttransplant lymphoproliferative disease in renal transplant patients (56) . Recently, this same gene polymorphism was associated with the development of EBVpositive lymphoproliferative disease in the human peripheral blood lymphocyte-SCID mouse model (11) . Additionally, lymphocytes from patients with undifferentiated carcinoma of nasopharyngeal type were shown to have depressed IFN-␥ secretion (65) .
These data are consistent with work demonstrating that the murine pathogen, ␥HV68, is susceptible to control by IFN-␥. Interestingly, the absence of IFN-␥ signaling has no effect on the acute phase of ␥HV68 infection (43, 61) . However, mice deficient in the IFN-␥ receptor develop a large-vessel vasculitis after chronic infection with ␥HV68 (61). IFN-␥ Ϫ/Ϫ mice have elevated numbers of cells reactivating from viral latency, as well as production of infectious virus after the establishment of latency, referred to here as persistent replication (18, 53) . IFN-␥ is required for the antiviral activity of T cells in B-celldeficient mice (6) . Furthermore, IFN-␥ is required for CD4 T-cell-mediated control of ␥HV68 reactivation efficiency and the number of latently infected cells, as well as CD4 helper function-independent control of viral replication (46) . Together, these studies demonstrate that IFN-␥ signaling is essential for control of chronic ␥HV68 infection, persistent viral replication, and the resulting vasculitis.
Based on these data, we hypothesized that IFN-␥ is a key regulator of the transition between latent infection and the emergence of ␥HV68 from latently infected cells. Reactivation of a herpesvirus from latency consists of many stages (including initiation of lytic gene expression, viral protein synthesis, viral assembly, and viral release). With this in mind, we refer here to reactivation as the whole process by which a previously latent cell produces infectious virus.
In this study, we demonstrate that IFN-␥ suppresses ␥HV68 reactivation from latency. We describe the kinetics of viral reactivation from latently infected cells and IFN-␥-mediated inhibition of this phenomenon by an ex vivo reactivation assay. Further, we demonstrate that IFN-␥ controls viral gene expression in vivo during chronic infection. Finally, we show that in vivo depletion of IFN-␥ after the establishment of latency leads to increased reactivation of virus from latently infected cells.
Together, these data demonstrate a critical role for IFN-␥ in immune surveillance of ␥HV68 reactivation and gene expression.
was prepared by using TRIzol reagent (Invitrogen, Carlsbad, Calif.) and mechanical disruption. Total RNA was prepared from spleen via mechanical disruption with silica beads in the presence of TRIzol. A total of 10 to 20 g total RNA was hybridized overnight with the ␥6 riboprobe set specific for selected ␥HV68 transcripts (41) . RNase protection reactions were performed using the RiboQuant RNase protection assay (RPA) kit according to the manufacturer's instructions (BD Biosciences, San Jose, Calif.). The resulting protected probes were resolved on a 6% acrylamide denaturing urea gel (40-cm length), and the signal was visualized using a STORM phosphorimager and quantified with ImageQuant software (GE Healthcare, Chalfont St. Giles, United Kingdom).
Depletion of IFN-␥ in vivo after the establishment of latency. At 16 days postinfection, mice were injected with 0.5 mg anti-IFN-␥ antibody (H22) or 0.5 mg isotype control antibody (PIP) every 5 days until day 28 postinfection (20, 28, 50, 51, 66) . At that time, mice were sacrificed, and peritoneal cells were analyzed by limiting dilution for frequency of reactivation or by limiting dilution PCR for the frequency of genome-bearing cells.
Statistical analysis. All data points represent the mean Ϯ the standard error of the mean for all experiments. To quantify the frequency of cells from which the virus reactivated, data were subjected to nonlinear regression (sigmoidal dose curve with a nonvariable slope) by using GraphPad Prism (GraphPad, San Diego, Calif.). Frequencies of reactivation events were determined on the basis of the Poisson distribution by calculating the cell density at which 63.2% of the wells scored positive for reactivation. To calculate significance, frequencies of reactivation events were statistically analyzed by paired t tests over all cell dilutions. For the neutralization experiments, statistical analysis (analysis of variance) was performed by Avril Adelman at the Division of Biostatistics at Washington University School of Medicine.
RESULTS
IFN-␥ decreases the frequency of peritoneal cells that reactivate from ␥HV68 latency. To determine whether IFN-␥ inhibits reactivation of ␥HV68 from latency, we performed limiting dilution assays on wild-type mouse peritoneal cells harvested 16 days postinfection. At this time, latency has been established, and preformed infectious virus is not detectable in cells from wild-type mice (4, 48, 53, 60) . Therefore, the presence of cytopathic effect 3 weeks postplating represents virus that has reactivated from latency (53) . We selected peritoneal cells for these assays, since studies with IFN-␥ Ϫ/Ϫ mice indicated that IFN-␥ plays an important role in regulating latency in peritoneal but not splenic cells (53) . Peritoneal cells were harvested and plated in the presence of various concentrations of IFN-␥ onto indicator IFN-␣␤␥R Ϫ/Ϫ MEF monolayers (Fig.  1A) . Consistent with published results, the frequency of reactivation of wild-type peritoneal cells was approximately 1/1,000 cells (53) . The reactivation of peritoneal cells treated with 100 U and 10 U of IFN-␥/ml was reduced such that a frequency could not be calculated by using the Poisson distribution but was conservatively estimated at Յ1/40,000 cells, a Ͼ40-fold decrease compared to untreated controls. At 1 U of IFN-␥/ml, the frequency of peritoneal cells reactivating from viral latency was approximately 10-fold lower than untreated peritoneal cells (1/9,600 cells reactivated).
We wished to determine whether the effect of IFN-␥ on reactivation from latency was due to an effect on the latently infected cells plated or to an effect on fibroblasts of the indicator monolayer. To assure that interferon effects were not due to effects on the indicator monolayer, IFN-␣␤␥R Ϫ/Ϫ MEFs were used in all experiments. We also determined whether the presence of IFN-␥ affected the capacity of ␥HV68 to infect and induce cytopathic effect in these MEFs. Virus was serially diluted and plated in media containing IFN-␥ (1 to 100 U/ml), and the presence of infectious virus was assessed 10 days later.
IFN-␥ had no significant effect on ␥HV68 infectivity or cytopathic effect on IFN-␣␤␥R Ϫ/Ϫ MEFs (Fig. 1B) . We also considered the possibility that IFN-␥ activates peritoneal cells ex vivo such that virus released during or after reactivation from latency is inactivated. For example, IFN-␥ can activate peritoneal macrophages to kill bacteria (37) . To address this possibility, peritoneal cells were harvested from uninfected B6 mice and plated onto MEF monolayers in medium with IFN-␥ at various concentrations. Five days later, virus was serially diluted and added to wells, and plates were scored for the presence of infectious virus 2 weeks later. IFN-␥ pretreatment of peritoneal cells ex vivo did not result in inactivated infectious virus (Fig. 1C ). This assay was performed with limiting dilutions of infectious virus to optimize detection of IFN-␥-induced inactivation of even very small amounts of virus. These data are consistent with IFN-␥ acting on latently infected peritoneal cells to inhibit reactivation from latency.
IFN-␥-mediated inhibition of ␥HV68 reactivation occurs during the first few days of explant culture. To determine the kinetics and specificity with which IFN-␥ inhibits reactivation from latency, we neutralized IFN-␥ at various times by addition of a neutralizing monoclonal antibody to IFN-␥ (H22) to cultures. We considered this important, since purified IFN-␥ might contain immunologically active substances such as lipopolysaccharide that activate macrophages carrying latent ␥HV68 in peritoneal cells. Peritoneal cells were harvested 16 days postinfection from wild-type mice and plated in either medium alone or 10 U of IFN-␥/ml in medium. At various days after cell plating (1 to 15 days), one set of IFN-␥-treated limiting dilution plates received H22 and another set received PIP, an isotype control antibody for H22. When H22 was added 1, 2, 3, or 5 days after cell plating, it fully neutralized the effect of IFN-␥. PIP added in parallel on any day did not significantly change the reactivation of peritoneal cells from latency compared to the IFN-␥-only treated plates (Fig. 2) . IFN-␥-treated cultures receiving H22 at days 1, 2, 3, and 5 reactivated with a frequency of 1/2,320, 1/2,905, 1/2,915, and 1/6,380, respectively; the cultures receiving PIP at each of these days were indistinguishable from the IFN-␥-only treated cultures (Յ1/18,000). The ability of H22 to counteract IFN-␥-mediated inhibition of viral reactivation progressively waned, as evidenced by the loss of its effect at days 8, 12, and 15; these H22-treated cultures reactivated with a frequency of 1/12,400, Յ1/20,000, and Յ1/20,000, respectively, while the parallel cultures treated with PIP reactivated at Յ1/20,000. These data demonstrate that IFN-␥ has significant effects during the first few days after explantation of latently infected cells. Furthermore, they show the specificity of IFN-␥ effects on reactivation from latency.
IFN-␥ has significant effects on reactivation in the first 4 days after latently infected cells are explanted. To better define when IFN-␥ has effects on reactivation from latency, we sought to determine the kinetics in which IFN-␥ acts during the reactivation of ␥HV68 ex vivo. We first assayed for the presence of infectious virus released from untreated latently infected wild-type peritoneal cells at various times after plating (Fig. 3A) . As expected, no reactivation was observed on day 0 ex vivo, which is consistent with the absence of preformed infectious virus in peritoneal cells isolated from a wild-type mouse 16 days postinfection (62) . Infectious virus was first detected at day 4 postplating. By day 6, a significant number of reactivation events had occurred (compare cultures frozen at day 6 to the unfrozen plates).
To determine when IFN-␥ acts on reactivating cells, IFN-␥ was added to cultures on days 1 through 5 after cell plating. Significant reactivation events occurred when IFN-␥ was added on day 3 or thereafter; cells reactivated with a frequency of 1/5,900 and 1/1,300 when IFN-␥ was added on day 3 or day 5, respectively, compared to Յ1/20,000 cells reactivated when IFN-␥ was added at day 0 or day 1 after cell plating (Fig. 3B) . Thus, IFN-␥ must be present during the first 3 days after latently infected cells are explanted to have a maximal effect. These data corroborate previous results that IFN-␥ acts during cell reactivation and not on infectious virus (Fig. 1) . By day 4, when IFN-␥ can no longer be added to cultures to suppress reactivation (Fig. 3B) , a significant number of reactivation events already have occurred (Fig. 3A) . IFN-␥ has no effect of the infectivity of preformed virus on IFN-nonresponsive indicator cells (Fig. 1B and C) .
IFN-␥ receptor expression on latently infected cells is required for IFN-␥-mediated inhibition of reactivation. We next sought to determine whether the IFN-␥ receptor on latently infected cells is required for the effects of IFN-␥ on reactivation. To address this, we determined the effect of IFN-␥ on The statistical difference between medium and plates with 10 U of IFN-␥/ml is P Ͻ 0.0001. PIP-treated plates were not statistically different from IFN-␥ plates on any day. H22-treated plates were statistically different from IFN-␥ plates at days 1, 2, 3, and 5 with the following P values: P ϭ 0.03, P ϭ 0.04, P ϭ 0.05, and P ϭ 0.05, respectively. At day 4, the difference between H22-treated plates and IFN-␥ plates was not significant (P ϭ 0.07). The capacity of neutralizing antibody to inhibit reactivation waned over time. By day 8, the ability to neutralize IFN-␥ with H22 was lost. the statistical difference between day 1 H22-treated plates and day 8 H22-treated plates was significant at P ϭ 0.01. n, number of independent experiments. dance with data presented in Fig. 1 , no significant difference was observed in detection of persistent replication as measured by detection of preformed ␥HV68 in mechanically disrupted samples treated with IFN-␥ or untreated samples. From these data, we conclude that the IFN-␥ receptor expressed on latently infected cells is necessary for IFN-␥ inhibition of reactivation from latency. These data, together with the experiments using neutralizing antibody to IFN-␥ (Fig. 2) , conclusively demonstrate that the effects of IFN-␥ on reactivation from latency are not due to contaminants in our IFN-␥ preparation and that signals dependent on the IFN-␥ receptor directly or indirectly regulate ␥HV68 reactivation. IFN-␥ does not suppress reactivation of ␥HV68 through a paracrine effect on infected cells. Having shown that IFN-␥R expression on cells from latently infected mice is essential, we next determined whether IFN-␥ acts indirectly via induction of a paracrine factor that inhibits ␥HV68 reactivation from latency. To determine if a paracrine effect inhibits reactivation, we compared the effects of 100 U of IFN-␥/ml on reactivation from wild type, IFN-␥R Ϫ/Ϫ , and mixtures of these two latently infected peritoneal cell types. We reasoned that if the effects of IFN-␥ were mediated by a paracrine factor, independent of the IFN-␥R, the IFN-␥ responsive cells in mixed cultures would secrete such a factor, which would then act on the IFN-␥R Ϫ/Ϫ cells to suppress reactivation from latency. No decrease in the frequency of cells reactivating ␥HV68 was observed, even at the highest ratio of wild-type cells to IFN-␥R Ϫ/Ϫ cells (Fig. 5 ), ruling out a significant effect of a paracrine factor. Additionally, these data support the conclusion that the IFN-␥R on latently infected cells is key to IFN-␥-mediated inhibition of viral reactivation.
IFN-␥R
؊/؊ peritoneal cells have a different profile of viral gene expression than wild-type peritoneal cells. The experiments above demonstrate that IFN-␥ added to explant reactivation cultures inhibited reactivation of ␥HV68 from latency. If this effect was physiologically relevant, we predicted that IFN-␥ would inhibit expression of viral genes in vivo. Therefore, we determined whether peritoneal cells from wild-type and IFN-␥R Ϫ/Ϫ mice expressed different profiles of viral genes in vivo by RPA. This assay is sensitive enough to detect ␥HV68 transcription in the spleen and mesenteric lymph nodes of wild-type mice 16 days after intranasal infection (41). Mice were infected with 100 PFU ␥HV68 intranasally; 28 days postinfection, RNA from peritoneal cells was isolated. Note that there was persistent replication in IFN-␥R Ϫ/Ϫ peritoneal cells. As predicted, wild-type and IFN-␥R Ϫ/Ϫ peritoneal cells had significantly different expression profiles of select viral gene transcripts (Fig. 6) . Consistent with prior experiments using reverse transcriptase PCR on latently infected in vivo samples (42) , no significant transcription of viral genes was detected by this method in peritoneal cells derived from wildtype mice. However, viral transcripts for M9, M3, gB, M8, Rta, and K3 were readily detected in peritoneal cells isolated from infected IFN-␥R Ϫ/Ϫ mice. These data indicate that signaling through the IFN-␥ receptor plays a significant role in regulating viral gene expression during chronic infection in vivo.
In vivo depletion of IFN-␥ after the establishment of latency increases the frequency of cells that reactivate virus. If IFN-␥ plays a significant role in control of reactivation in vivo, then depletion of IFN-␥ in vivo should alter the reactivation phenotype of latently infected cells derived from wild-type mice. We therefore determined if neutralization of IFN-␥ in vivo increased the frequency of latently infected cells capable of reactivation ex vivo. Importantly, to assure that we distinguished effects of IFN-␥ during latent infection from effects during acute infection, we depleted IFN-␥ by neutralizing antibody injection after the establishment of latency at 16 days postinfection. On day 28 postinfection, cells from these mice were harvested, and the frequency of cells capable of reactivation and the frequency of infected cells were determined. Measurement of serum IFN-␥ by cytometric bead array revealed complete depletion of IFN-␥ in the H22-treated mice and no change in IFN-␥ levels in the control PIP-treated mice (data not shown). In the IFN-␥-depleted mice, cells reactivated ex vivo with a frequency of 1/5,180 compared to 1/21,594 from the control-treated mice (Fig. 7A) . This result was not due to an increase in the number of latently infected cells, since the frequency of cells carrying viral genome was not changed in mice depleted of IFN-␥ (Fig. 7B) . There was no preformed infectious virus in the peritoneal cells (data not shown). These data indicate that IFN-␥ signaling is critical for control of the frequency of reactivation in chronic ␥HV68 infection. Importantly, these data demonstrate the critical role of IFN-␥ after 
DISCUSSION
Effects of viral genes on infected host cells play a critical role in determining the nature of chronic herpesvirus infection. One key measure of chronic infection regulated by viral genes is the efficiency with which latently infected cells reactivate from latency ex vivo (7, 18, 25, 35, 58) . However, chronic ␥HV68 infection is also regulated by host genes, among which IFN-␥ is of particular importance. Effects of IFN-␥ on infected cells are presumably extrinsic to the latently infected cells, since the major source of IFN-␥ during infections is thought to be T cells and NK cells (3), while ␥HV68 latently infects B cells, dendritic cells, and macrophages (15, 49, 63) . In this study, we show that IFN-␥ controls reactivation of ␥HV68 from latency. This effect required expression of the IFN-␥ receptor, correlated with viral gene expression changes in vivo, and depended on the continuous presence of IFN-␥ after the establishment of latency in vivo. This indicates that maintenance of stable ␥HV68 latency requires continuous IFN-␥-mediated immune surveillance and regulation of viral gene expression.
Generality of the role of IFN-␥ in controlling herpesvirus latency. The ability of IFN-␥ to control chronic herpesvirus infection and reactivation from latency is not unique to gammaherpesviruses. We showed in 1998 that IFN-␥ inhibits reactivation of murine cytomegalovirus, a betaherpesvirus, from latency (39) . The physiologic relevance of this observation was uncovered by studies from the Koszinowski laboratory demonstrating that IFN-␥ plays a key role in controlling in vivo reactivation and dissemination of murine cytomegalovirus (31, 38) . In addition, IFN-␥ regulates alphaherpesvirus latency (30, 33) . IFN-␥ is expressed for prolonged periods in trigeminal ganglia latently infected with HSV (30) . Importantly, CD8 T cells can restrict HSV-1 reactivation from latency, and this effect is partly attributable to the effects of IFN-␥ (27, 29, 30) . Together with the data presented here, these studies demonstrate that IFN-␥ is critical for controlling chronic and latent infection of alpha, beta, and gammaherpesviruses and specifically controls reactivation of herpesvirus latency. The conservation of this effect across all three subfamilies of herpesviruses raises the possibility that components or targets of IFN-␥ signaling represent a common mechanism central to the maintenance and reactivation of latent herpesvirus infection. Physiologic relevance of the effects of IFN-␥ on ␥HV68 reactivation from latency. The effects of IFN-␥ during chronic infection must be interpreted in light of its lack of a significant role during acute infection. IFN-␥ is required for control of chronic but not acute ␥HV68 infection (9, 43, 53, 61) . During chronic infection, the absence of either IFN-␥ or the IFN-␥ receptor leads to increased reactivation from viral latency, persistent viral replication, and vasculitis (9, 10, 53, 61) . The ability of IFN-␥ to inhibit ␥HV68 reactivation from latency reported here is consistent with and may provide a reasonable explanation for these phenotypes.
Depletion of IFN-␥ after the establishment of latency led to an increased frequency of reactivation, demonstrating that this cytokine is being continuously produced and is required for controlling chronic infection. One possible source of IFN-␥ is activated T cells present in mice that are latently infected with ␥HV68 (54, 55) . Depletion of IFN-␥ did not alter the frequency of latently infected cells, an observation consistent with studies in IFN-␥ Ϫ/Ϫ mice (53), but did alter their capacity to reactivate. It is interesting to speculate that chronically produced IFN-␥ has an immune surveillance role in vivo, limiting ␥HV68 gene expression and blocking reactivation. Consistent with this hypothesis is the production of IFN-␥ by wild-type splenic and lymph node cells restimulated in vitro 70 days after infection (44) .
Inhibition of persistent replication. Persistent replication is observed in normal mice at a very low level after clearance of productive infection (16) but is present at much higher levels in mice that are unresponsive to IFN-␥ (7, 9, 10, 18, 26, 53, 61) . Increased persistent replication has serious consequences for the host, including severe elastic artery vasculitis (9, 10, 61) and high levels of reactivating cells (17) . Might the ability of IFN-␥ to inhibit reactivation from latency contribute to the presence of high levels of persistent replication in IFN-␥-unresponsive mice? While there are other possible explanations, we prefer the hypothesis that persistent replication is derived from reactivation events. Support for this concept comes from genetic studies of ␥HV68 mutants lacking either the v-cyclin or v-Bcl-2 proteins (18, 22, 58) . While these genes are dispensable for productive replication during the first days of ␥HV68 infection (18, 58) , they are required for both efficient reactivation from latency and high levels of persistent replication, as well as vascular disease in IFN-␥-unresponsive mice (18, 58) . These data show that the processes that result in productive acute infection are fundamentally different from those giving rise to persistent infection, since they require different viral genes. Furthermore, the requirement for v-cyclin and v-Bcl-2 during both reactivation from latency and persistent replication suggests a mechanistic link between these two viral processes. This is consistent with IFN-␥ controlling persistent replication indirectly by decreasing reactivation from latency, as shown in this study.
Mechanism of IFN-␥-mediated inhibition of reactivation from latency. While the molecular mechanism underlying the ability of IFN-␥ to suppress reactivation of latent virus is unknown, our experiments support the concept that a primary site of IFN-␥ action is directly on latently infected cells. The presence of IFN-␥-responsive latently infected cells in explant cultures did not reduce the frequency of reactivation when mixed with IFN-␥-unresponsive latently infected cells. This result argues against the generation of an IFN-␥-inducible soluble factor or activation of a cell population (such as T cells) (27, 29) that inhibits reactivation from latency. The most reasonable interpretation of these data is that IFN-␥ acts in explant cultures by direct signaling in latently infected cells. This suggests that the well-documented immunomodulatory effects of IFN-␥ are not involved in inhibition of ␥HV68 reactivation from latency in explant cultures. We note, however, that reciprocal bone marrow transplant studies show that IFN-␥ regulates pathology in the vascular system via both direct antiviral effects on somatic cells and immunoregulatory effects on hematopoietic cells (9) . Thus, a role for IFN-␥ immunomodulation in control of reactivation from ␥HV68 latency in vivo cannot be ruled out. Studies in which only infected cells are either IFN-␥ responsive or IFN-␥ unresponsive will be required to definitively address this question.
IFN-␥ regulation of the transition from an early to a late form of latency. IFN-␥ expression is also necessary for the transition from an early to a late form of latency. ␥HV68 establishes an early form of latency after clearance of productive acute infection that is characterized by efficient reactivation of latently infected cells in explant cultures. Thus, 16 days after infection, nearly every latently infected cell reactivates upon explantation (53, 63) . However, by 42 days after infection in normal mice, the efficiency of reactivation from latency decreases such that only approximately 10% of latently infected cells reactivate when explanted (53) . The molecular and cellular bases for this transition from high efficiency to low efficiency of reactivation are undefined. However, this transition is disrupted in mice lacking IFN-␥ or the IFN-␥ receptor, since nearly 100% of these latently infected cells harvested 42 days after infection reactivate in explant cultures (53) .
It is possible that IFN-␥ is required for latently infected cells to transition to a transcriptionally quiescent state from which reactivation is inefficient. Support for IFN-␥ regulation of viral transcription during chronic infection comes from our demonstration that there is significantly enhanced transcription of a number of viral genes in chronically infected mice lacking IFN-␥. Of particular interest is the upregulation of genes that are known to play a critical role in efficient reactivation of ␥HV68 from latency such as the Rta and v-cyclin genes (58, 64) . Interestingly, the pattern of viral gene expression in the absence of IFN-␥ is not what one would expect for standard lytic infection, since known lytic cycle genes such as gB and pol were not dramatically upregulated. It is tempting to speculate that IFN-␥ blocks reactivation of ␥HV68 from latency via regulation of the transcription of viral genes. While these data are consistent with the hypothesis that IFN-␥ blocks reactivation from latency via regulation of latent gene expression and thereby fosters establishment of the late form of ␥HV68 latency, this must be tested directly. An important experiment will be to determine the effects of IFN-␥ on ␥HV68 gene expression in different cell types on a genome-wide basis.
In this report, we demonstrate that the host cytokine IFN-␥ is a strong suppressor of reactivation from latency in the murine model of ␥HV68 infection. Consistent with this conclusion, human patients with a specific IFN-␥ expression polymorphism are at increased risk for developing EBV-associated posttransplant lymphoproliferative disease (56) , indicating that IFN-␥ is likely critical for controlling latent gammaherpesvirus infections in humans. Human gammaherpesvirus leads to lifelong infections, and its latency-associated pathogenesis is particularly problematic in the immunocompromised patient. Treatments aimed at controlling reactivation from latency may be valuable. Further understanding of the mechanism by which IFN-␥ controls gammaherpesvirus reactivation may therefore lead to the development of appropriate therapeutics.
